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57 ABSTRACT

A static random access memory device mncludes: a semicon-
ductor substrate divided into a cell array portion and a
periphery circuit portion; a first insulating layer for msulat-
ing devices formed on the substrate from a thin-film tran-
sistor; a conductive layer formed on the first insulating layer
in the cell array portion, for supplying power; a bufler layer
formed on the conductive layer in the cell array portion; a
second 1nsulating layer formed on the buffer layer 1n the cell
array portion and on the first insulating layer of the periphery
circuit portion; and a metal wiring pattern formed on the
second 1nsulating layer. A first portion of the metal wiring
pattern connects to the conductive layer via a first contact
hole which 1s formed passing through the second insulating
layer and the buifer layer, thus exposing the conductive layer
in the cell array portion. A second portion of the metal wiring
pattern connects to the substrate via a second contact hole
which 1s formed passing through the second 1nsulating layer
and the first insulating layer, thus exposing the semiconduc-
tor substrate 1n the periphery circuit portion or exposing a
contact to a device 1n the semiconductor substrate 1n the cell
array portion. The first and second portions of the metal
wiring pattern may or may not connect to each other. The
buffer layer prevents over-etching caused by the difference
in the etched depth of the first and second contact holes
which are concurrently formed, solving the problem of poor
contact to the conductive layer from the metal wiring pattern
formed on the second insulating layer.

3 Claims, 6 Drawing Sheets
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STATIC RANDOM ACCESS MEMORY
DEVICE AND MANUFACTURING METHOD
THEREFOR

The present 1nvention relates to a static random access
memory (SRAM) device and a manufacturing method
therefor, and more particularly, to an SRAM device having
a structure 1n which a metal wiring layer 1s connected to a
power thin line via a contact hole 1n a cell array portion
which 1s formed simultancously with contact hole 1n a
periphery portion, and a manufacturing method therefor.

BACKGROUND OF THE INVENTION

In the field of semiconductor memory devices, SRAM
devices are generally considered 1nferior to dynamic random
access memory (DRAM) devices in regard to the memory
capacity for given area on a chip. However, SRAM memory
has been widely used 1n small-to-medium capacity devices,
because of its high processing speed and simplicity of
implementation. The SRAM memory cell 1s largely com-
posed of two flip-flop circuits which include two transmit-
fing transistors, two driving transistors and two load devices
(i.e., a resistor or MOS transistor). The stored information is
preserved in the SRAM memory cell as the voltage differ-
ence between the mput and output terminals of the flip-flop,
that 1s, a node-accumulated charge. This charge 1s supple-
mented from a power line via the load device. Thus, 1n
contrast to the case with DRAM devices, SRAM memory
devices do not require a refresh function.

An SRAM cell may use a depletion-type NMOS transistor
as its load device, but this 1s no longer the common practice,
owing to the high power consumption of such load device.
Instead, a polycrystalline silicon resistor having high resis-
tance has been widely used, since it consumes less power
and can be easily manufactured. However, with the ever-
increasing requirements for higher memory capacity, the
high resistance value of the polycrystalline silicon resistor
reduces the difference between load current and leakage
current, which undesirably lowers the manufacturing yield
of the memory device. In order to solve this problem, a
CMOS-type SRAM cell which adopts a PMOS thin-film

transistor (TFT) as the load device is used.

FIG. 1 1s a circuit diagram of one full CMOS SRAM cell
utilizing PMOS TFTIs as the load resistors. The CMOS
SRAM cell comprises an NMOS first transmitting transistor
T, formed 1n one side of the cell, having a gate connected
to a word line and a drain connected to a first bit line; an
NMOS second transmitting transistor T, formed 1n the other
side of the cell, having a gate connected to the word line and
a drain connected to a second bit line; an NMOS first driving
transistor T having a drain connected to the source of the
first transmitting transistor, a grounded (V,,) source, and a
gate connected to the source of second transmitting transis-
tor T,; an NMOS second driving transistor T, having a drain
connected to second transmitting transistor T,, a grounded
source, and a gate connected to the source of first transmit-
ting transistor T,; a PMOS first TFT T; having a drain
connected to the drain of NMOS first driving transistor T,
a source connected to the power line (V,..)), and a gate
connected to the gate of NMOS first driving transistor T,
and to the source of NMOS second transmitting transistor
T,; and a PMOS second TFT T, having a drain connected to
the drain of NMOS second driving transistor T,, a source
connected to the power line, and a gate connected to the gate
of NMOS second 1s driving transistor T, and to the source
of NMOS first transmitting transistor T,.
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Here, a polycrystalline silicon layer used as a channel of
the PMOS TFT 1s generally formed to a thin thickness for
low current consumption and for stable data retention 1n the
standby state. Also, the power line V__ 1s connected at a
predetermined point to a metal wiring layer for carrying the
power supply of the memory device, and 1s generally formed
from the same conductive layer as the above polycrystalline
silicon layer. However, when such a thin polycrystalline

silicon layer 1s used for the power line supplying constant
power to the channel of the PMOS TFT and the entire
memory cell, 1t 1s difficult to connect the power line and the
overlying metal wiring layer. That 1s, when the metal wiring
layer 1s connected to the buried power line via a contact hole,
the power line being formed 1n a thin conductive layer is
unavoidably etched during contact hole formation, owing to
the step difference between the cell array portion and the

periphery circuit portion. This problem will be described in
more detail with reference to FIGS. 2A and 2B.

FIG. 2A 1s a layout diagram showing a conventional
method for connecting the power line and the metal wiring
layer via a contact hole, and FIG. 2B 1s a cross-sectional
view cut along line 2B-2B' of FIG. 2A. There 1s horizontal
registration between FIGS. 2A and 2B, which are arranged
on the same sheet of the drawing.

Referring to FIG. 2A, reference numeral 10 denotes a
mask pattern for forming the power line, reference numeral
12 denotes a mask pattern for forming the metal wiring
layer, and reference numerals 14 and 14' denote a first
contact hole through which the metal wiring layer 1s con-
nected to the power line and a second contact hole through
which the metal wiring layer 1s connected to the substrate,
respectively.

Referring to FIG. 2B, reference numeral 20 denotes a
semiconductor substrate, reference numerals 22 and 26
denote first and second 1nsulating layers, reference numeral
24 denotes a power line formed 1n the cell array portion of
the memory device, and reference numerals 28 and 28'
denote the etched patterns of the metal wiring layer, present
in the cell array and periphery circuit portions, respectively.

According to the above structure, since the first and
second contact holes 14 and 14' are generally formed at the
same time, 1.€., through the same etching process, the power
line 24 formed of a very thin layer becomes etched during
the formation of the contact holes, owing to the step differ-
ence of the portions on which the contact holes are formed,
that 1s, between the cell array portion and the periphery
circuit portion. That 1s, the etching time must be sufficiently
long that the contact hole 14" in the periphery circuit portion
penetrates both the insulating layers 26 and 28. While the
conductive polycrystalline silicon layer 24 retards the con-
current etching of the contact hole 14 sufficiently that 1t does
not penetrate through the insulating layer 28, there i1s an
attendant etching back of the sides of the contact hole 14
where 1t passes through the conductive polycrystalline sili-
con layer 24. Thus, metal wiring layer 28 and power line 24
are poorly connected at the time of metal layer deposition for
forming the metal wiring layer.

As a method for solving the above problem, the first and
seccond holes may be formed separately. This method,
however, overly complicates the manufacturing process.

Another method has been suggested in which the power
line and the metal wiring layer are indirectly connected to
cach other, by first forming a p™ active layer 1n the substrate

where the contact hole 1s to be formed. This method will be
described with reference to FIGS. 3A and 3B.

FIG. 3A 1s a layout diagram showing a conventional
method for connecting the power line and the metal wiring
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layer via a p™ active layer, and FIG. 3B is a cross-sectional
view cut along line 3B-3B' of FIG. 3A. There 1s horizontal
registration between FIGS. 3A and 3B, which are arranged
on the same sheet of the drawing. In FIGS. 3A and 3B
clements similar to those in FIGS. 2A and 2B are denoted by
the same reference numerals as in FIGS. 2A and 2B. In FIG.
3Areference numeral 16 denotes a mask pattern for forming,
a p” active layer and reference numerals 15 and 15' denote
contact holes for connecting p™ active layer 16 to the power
line 24 and the metal wiring layer 28, respectively; and in
FIG. 3B, reference numerals 21 and 27 respectively denote
a field oxide layer and the p™ active layer formed in the
substrate surface.

In the structure of FIGS. 3A and 3B, the power line 24 and
the metal wiring layer 28 are connected via the p™ active
layer 27. However, additional layout areca is required for
connecting both contact holes, thereby increasing chip size.

SUMMARY OF THE INVENTION

The 1nvention 1n a first of 1ts aspects 1s embodied 1n a
static random access memory device comprising: a Semi-
conductor substrate divided into a cell array portion and a
periphery circuit portion; a first insulating layer for 1nsulat-
ing devices formed on the substrate; a conductive layer
formed on the first insulating layer in the cell array portion,
for supplying power; a buifer layer formed on the conductive
layer 1n the cell array portion; a second insulating layer
formed on the buffer layer 1n the cell array portion and on the
first insulating layer of the periphery circuit portion; and a
metal wiring pattern formed on the second 1nsulating layer.
A first portion of the metal wiring pattern connects to the
conductive layer via a first contact hole which 1s formed
passing through the second insulating layer and the buffer
layer, thus exposing the conductive layer m the cell array
portion. A second portion of the metal wiring pattern con-
nects to the substrate via a second contact hole which 1s
formed passing through the second i1nsulating layer and the
first insulating layer, thus exposing the semiconductor sub-
strate 1n the periphery circuit portion or exposing a contact
to a device 1n the semiconductor substrate 1n the cell array
portion. The first and second portions of the metal wiring,
pattern connect to each other 1n certain embodiments of the
invention, but do not connect to each other in certain other
embodiments of the invention. The buffer layer prevents
over-etching caused by the difference 1n the etched depth of
the first and second contact holes which are concurrently
formed, solving the problem of poor contact to the conduc-
five layer from the metal wiring pattern formed on the
second 1nsulating layer.

Preferably, the second insulating layer 1s a dual layer
including a lower layer of high-temperature oxide (HTO)
and an upper layer of borophosphosilicate glass (BPSG),
and the bufter layer 1s formed with a thickness ot 500-1000
A from a material the ctching rate of which 1s very low
compared to that of the first and second imsulating layers,
such as silicon nitride.

Also, 1t 1s preferable that the conductive layer 1s formed
with a thlckness of 300-500 A from polycrystalline silicon
that, at least selectively, 1s highly doped for obtaining good
clectrical conduction. Portions of this polycrystalline silicon
layer that are in effect lightly doped to form a semiconductor
are used to form the channel of each of a number of thin film
fransistors 1n certain embodiments of the invention 1n the
first of its aspects.

A second aspect of the invention concerns a method for
manufacturing the above static random access memory
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device comprising the steps of: (a) forming a first insulating
layer on a semiconductor substrate; (b) forming a conductive
layer on the first insulating layer; (¢) forming a buffer layer
on the first insulating layer; (d) patterning the conductive
and buffer layers; (¢) forming a second insulating layer on
the whole surface of the semiconductor layer substrate after
the conductive and buffer layers are patterned; (f) concur-
rently forming, during a single etching procedure, a first
contact hole etched through said first insulating layer for
exposing said bufler layer and a second contact hole etched
through both said first insulating layer and said second
insulating layer for exposing said substrate; (g) exposing
part of said conductive layer by etching the buffer layer
exposed by said first contact hole, thus extending said first
contact hole to provide an extended first contact hole; and
(h) forming a metal wiring pattern, by depositing a conduc-
tive material on the entire surface of the semiconductor
substrate after part of said conductive layer 1s exposed and
patterning the deposited conductive material. A first portion
of the metal wiring pattern connects via the first contact hole
to the conductive layer, and a second portion of the metal
wiring pattern connects via the second contact hole to the
semiconductor substrate or a contact of a device 1n the
semiconductor substrate. The first and second portions of the
metal wiring pattern may be connect to each other or,
alternatively, may not be so connected. The buffer layer
prevents the conductive layer from being etched during the
ctching of contact holes through the first and second 1nsu-
lating layers, avoiding over-etching of the conductive layer
while permitting the contact holes having different depth to
be concurrently formed. Preferably, the buffer layer 1s
formed of silicon nitride, the first insulating layer 1s made of
high-temperature oxide (HTO) and second insulating layer
is made of HTO and borophosphosilicate glass (BPSG),
respectively. Also, 1t 1s preferable that the conductive layer
1s polycrystalline silicon, a portion of which polycrystalline
silicon layer that 1s heavily doped being used as a power line
and a portion of which polycrystalline silicon layer that 1s 1n
cffect lightly doped being used as a channel of a thin-film
transistor.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a general circuit diagram of a CMOS SRAM cell
using a PMOS TFT as a load resistor.

FIG. 2A 1s a layout diagram showing a conventional

method for connecting a power line and a metal wiring layer
via a contact hole.

FIG. 2B 1s a vertical cross-sectional diagram cut along
line 2B-2B' of FIG. 2A.

FIG. 3A 1s a layout diagram showing a conventional
method for connecting a power line and a metal wiring layer
via a p* active layer.

FIG. 3B 1s a vertical cross-sectional diagram cut along,
line 3B-3B' of FIG. 3A.

FIG. 4 15 a cross-sectional diagram showing the structure
of a static random access memory device embodying a first
aspect of the ivention.

FIGS. 5A-5E are diagrams sequentially showing the
method for manufacturing the static random access memory
device 1n accordance with a second aspect of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 4, reference numeral 50 denotes a
semiconductor substrate, reference numeral 52 denotes a
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first 1nsulating layer for insulating between lower devices
and a thin-film transistor (TFT), reference numeral 54
denotes a conductive layer for supplying constant power to
the cell, reference numeral 56 denotes a buifer layer formed
for preventing conductive layer 54 from being etched during
contact hole formation, reference numeral 58 denotes a
second insulating layer for msulating conductive layer 54
and for planarizing the uneven surface (step) caused by the
underlying structure, and reference numerals 64 and 64
denote first and second patterns of the metal wiring layer
which are formed in the cell array and periphery circuit
portions and are connected to the conductive layer 54 via
first and second contact holes h; and h, (see FIG. 5D),
respectively. Here, the conductive layer 54 1s formed to a
very thin thickness since, in SRAM devices, 1t 1s used as the
TFT channel as well as the power line.

In FIG. 4 the buffer layer 56 1s made of a material having
an etching rate that 1s very low compared to that of the first
and second msulating layers 52 and 38, to prevent the
conductive layer 54 from being etched during the formation
of first and second contact holes h, and h,. It 1s preferred that
the first msulating layer 52 1s made of high-temperature
oxide (HTO), that the second insulating layer 58 1s made of
HTO and borophosphosilicate glass (BPSG), and that the
buffer layer 56 1s made of silicon nitride. The HTO and
BPSG layers will be selectively etched at much faster rate
than the silicon nitride buffer layer 56.

Since the buifer layer 1s 1n accordance with the invention
made of a material the etching rate of which 1s very low
compared to the layers which are etched during the forma-
fion of the contact hole, 1t acts as an etching preventing layer,
so the thin conductive layer 1s not appreciably etched even
when the contact holes are concurrently formed 1n the cell
array portion and the periphery circuit portion during the
same etching procedure. Thus, the thin power line and metal

wiring layer can be reliably connected via the first contact
hole.

FIGS. 5A to 5E are diagrams sequentially showing the
method for manufacturing the static random access memory
device 1n accordance with the second aspect of the inven-
tion.

FIG. 5A shows the step for forming the conductive layer
54 and the buffer layer 56. First, the insulating layer S2 for
insulating the lower layers and the thin-film transistor is
formed by depositing silicon oxide, e.g., HTO. Then, the
conductive layer 54 (from which the power line and the
source and drain channel-end connections of each TFT will
subsequently be formed) is formed by depositing heavily
doped polycrystalline silicon on the first insulating layer 52.
Next, ions are implanted in the channel regions (not shown)
of each TF'T channel to counteract the doping 1n the channel
regions and make the polycrystalline silicon semiconductive
and 1n effect lightly doped. Then, the buffer layer 56 1s
formed on conductive layer 54 with an insulating material
the etching rate of which 1s very low compared to that of the
HTO and BPSG layers, such as silicon nitride. Preferably,
the thickness of buffer layer 56 1s 500-1000 A.

One skilled 1n the art of semiconductor device processing
will understand that there are alternative ways the differen-
t1al doping of the polycrystalline silicon layer can be accom-
plished. For example, a lightly doped polycrystalline silicon
layer can be deposited on the first insulating layer 52, with
subsequent 1on 1mplantation being used to increase the
doping of those portions of the polycrystalline silicon layer
to be used as power line (or other connection bus) and as
TFT drain and source contacts. There are fewer masking
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problems with differential doping of the polycrystalline
silicon layer as described 1n the preceding paragraph. Doing
all the doping of the polycrystalline silicon layer after it 1s
grown 1S also possible, of course, but involves more pro-
cessing substeps.

FIG. 5B shows the steps for patterning the conductive
layer 54 to form the TFT channel and the power line. It 1s
preferable that the buffer layer 56 1s simultaneously pat-
terned. This 1s done using a known non-selective dry etching
technique 1n which 1:1 etching selectivity 1s maintained by
control of the gas flow rate, RF power, chamber temperature,
chamber pressure etc.

FIG. 5C shows the step for forming the second insulating
layer 58. The second insulating layer 58 for insulating the
conductive layer 54 and for planarizing the uneven surface
caused by the underlying structure 1s formed by sequentially
depositing insulating materials, e.g., HTO and BPSG, on the
patterned conductive layer 54 and the overlying buifer layer
56. HTO is used 1in this step for preventing the boron (B) and
phosphorus (P) of the BPSG from being diffused to the sides

of conductive layer 54.

FIG. 5D shows the step for forming first and second
contact holes h, and h,. Photoresist 1s deposited on the
whole surface of the structure resulting after the second
insulating layer 58 is formed and a photoresist pattern (not
shown) 1s formed using a mask pattern for contact forma-
tion. The second insulating layer 58 1s then selectively
wet-etched to part of its thickness using the photoresist
pattern as an etching mask and then dry-etching 1s per-
formed with respect to the remaining thickness of the second
insulating layer 38 and 1n the periphery circuit portion, with
respect to the first insulating layer 52. As a result, first
contact hole h; for exposing the buifer layer 56 in the cell
array portion of the memory and the second contact hole h,
for exposing the substrate in the periphery circuit portion are
concurrently formed on the substrate. Thus, the buffer layer
56, being formed of a material the etching rate of which 1s
very low compared to the first and second 1nsulating layers
52 and 358, prevents the underlying conductive layer 54 from
being etched during the formation of the first and second
contact holes h, and h.,.

FIG. 5E shows the step for forming the first and second
patterns 64 and 64' of the metal wiring layer. First, the
conductive layer 54 1s exposed by etching the portion of the
butfer layer 56 exposed 1n the first contact hole h, and then
the metal layer 1s formed on the whole surface of the
resultant by depositing a conductive material. Subsequently,
the first pattern 64 connected to the conductive layer 54 and
the second pattern 64' connected to the substrate 50 are
formed by patterning the deposited conductive material.

According to the manufacturing method described above,
when the contact holes are concurrently formed to different
depths from each other, the problem of a too-small etching
margin resulting from the difference in the etching amount
can be solved. Thus, a contact hole for connecting the power
line and the metal wiring layer 1n the memory cell region and
a contact hole for connecting the substrate and the metal
layer 1n the peripheral circuit portion, can be concurrently
formed.

The present invention 1s not limited to the particular
embodiment 1llustrated and further modifications and
improvements 1n accordance with the invention will occur to
those skilled in the art and acquainted with the foregoing
disclosure. As a speciiic example, while power line connec-
tions to the sources of the TFTs have been particularly
described, connection from the drains of the TFTs to the
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overlying metal wiring layer and subsequent connection
from that metal wiring layer to the drains of complementary

conductivity MOS ftransistors having their channels 1n t
semiconductor substrate can be done 1n accordance with f

1C
1C

precepts set forth above, 1s for completing other of t

1C

SRAM memory cell connections shown in FIG. 1, 1n an
alternative embodiment of the invention. The precepts of the
invention may be embodied in other multiple-connection-
level integrated circuitry in which contact holes of differing
depth are made to different connection levels. The claims
which follow should be liberally construed to include such
alternative embodiments of the invention within their scope.

What 1s claimed 1s:
1. A static random access memory device comprising:

a semiconductor substrate divided into a cell array portion
and a periphery circuit portion, with devices being
formed on said substrate at least within said cell array
portion;

a first mnsulating layer covering said semiconductor sub-
strate for insulating said devices formed thereon;

a conductive layer selectively covering said first insulat-
ing layer 1n said cell array portion, and patterned to
form channel-end connections for a thin film transistor
and to form a power line connection to one of the
channel-end connections of said thin film transistor;

a buller layer selectively covering said conductive layer in
said cell array portion and patterned to conform to at
least a portion of said power line connection that 1s
partially exposed by a first contact hole passing through
said buffer layer;

a second 1nsulating layer formed on said buffer layer in
said cell array portion, on portions of said conductive
layer not covered by said buffer layer, and on portions
of said first mnsulating layer not covered by either said
conductive layer or said buffer layer, through which
portions of said first insulating layer a second contact
hole passes, said second insulating layer having both
said first and second contact holes passing there-
through; and

a metal wiring pattern formed on said second 1nsulating
layer, a first portion of which metal wiring pattern
connects via said first contact hole to said conductive
layer; and a second portion of which metal wiring
pattern connects via said second contact hole to said
substrate or to a device thereon, wherein said second
insulating layer 1s a dual layer imncluding

a lower layer of high-temperature oxide and

an upper layer of borophosphosilicate glass.
2. A static random access memory device comprising:

a semiconductor substrate divided into a cell array portion
and a periphery circuit portion, with devices being
formed on said substrate at least within said cell array
portion;

a first insulating layer covering said semiconductor sub-
strate for msulating said devices formed thereon;

a first conductive layer selectively covering said first
insulating layer 1n said cell array portion, and patterned
to form channel-end connections for a thin film tran-
sistor and to form a power line connection to one of the
channel-end connections of said thin film transistor;
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a bufler layer selectively covering said first conductive
layer 1n said cell array portion and patterned to conform
to at least a portion of said power line connection that
1s partially exposed by a first contact hole passing
through said buffer layer;

a second 1nsulating layer formed on said buifer layer in
said cell array portion, on portions of said first con-
ductive layer not covered by said bufler layer, and on
portions of said first insulating layer not covered by
either said first conductive layer or said buffer layer,
through one of which said portions of said first 1nsu-
lating layer a second contact hole passes, said second
insulating layer having both said first and second
contact holes passing therethrough; and

a patterned second conductive layer formed on said
second 1nsulating layer, a first portion of which said
patterned second conductive layer connects via said
first contact hole to said first conductive layer; and a
second portion of which said patterned second conduc-
tive layer connects via said second contact hole to said
substrate or to a device thereon, wherein said first
contact hole does not penetrate portions of said con-
ductive layer covered by said buffer layer.

3. A static random access memory device comprising:

a semiconductor substrate divided into a cell array portion
and a periphery circuit portion, with devices being,
formed on said substrate at least within said cell array
portion;

a first 1insulating layer covering said semiconductor sub-
strate for insulating said devices formed thereon;

a lirst conductive layer selectively covering said first
insulating layer in said cell array portion, and patterned
to form channel-end connections for a thin film tran-
sistor and to form a power line connection to one of the
channel-end connections of said thin film transistor:;

a bufler layer selectively covering said first conductive
layer 1n said cell array portion and patterned to conform
to at least a portion of said power line connection that
1s partially exposed by a first contact hole passing
through said buffer layer;

a second 1nsulating layer formed on said buffer layer in
said cell array portion, on portions of said first con-
ductive layer not covered by said buffer layer, and on
portions of said first insulating layer not covered by
either said first conductive layer or said buffer layer,
through one of which said portions of said first insu-
lating layer a second contact hole passes, said second
insulating layer having both said first and second
contact holes passing therethrough; and

a patterned second conductive layer formed on said
second 1nsulating layer, a first portion of which said
patterned second conductive layer connects via said
first contact hole to said first conductive layer; and a
second portion of which said patterned second conduc-
tive layer connects via said second contact hole to said
substrate or to a device thereon, wherein said second
insulating layer 1s a dual layer including

a lower layer of high-temperature oxide and
an upper layer of borophosphosilicate glass.
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